Abstract. The aim of the present study was to analyze the changes of plasma and urinary prostaglandin E 2 (PGE 2 ) levels in preterm infants with symptomatic patent ductus arteriosus (sPDA) treated with oral ibuprofen and acetaminophen. A total of 87 preterm infants with sPDA admitted to the Neonatal Ward of the Affiliated Xuzhou Hospital of Medical College of Southeast University from October, 2012 to June, 2015 were selected and randomly divided into the ibuprofen group (n=43, 10 mg/kg ibuprofen administered orally as initial dose, followed by 5 mg/kg during the first 24 and 48 h later) and acetaminophen group (n=44, 15 mg/kg acetaminophen administered orally once every 6 h for three days). The levels of plasma and urinary PGE 2 in the two groups were estimated before and after treatment. The treatment of sPDA infants with ibuprofen (ibuprofen group) or acetaminophen (acetaminophen group) caused a significant decrease in the plasma and urinary PGE 2 levels in comparison with plasma and urinary PGE 2 levels before treatment (P<0.05). Furthermore, plasma and urinary PGE 2 levels in the acetaminophen group (45.0±36.9 ng/l) were significantly lower than those in the ibuprofen group (73.5±44.8 ng/l, P=0.002). The arterial duct closure rate was similar between the acetaminophen [31 (70.5%)] and ibuprofen groups [33 (76.7%), P=0.506]. The incidence of oliguria was less among sPDA infants of the acetaminophen group [1 (2.3%)] than observed among the sPDA infants of the ibuprofen group [6 (14.0%)]; however, this difference was not statistically significant (P=0.108). Additionally, the incidences of fecal occult blood positive rate, intraventricular hemorrhage, neonatal necrotizing enterocolitis and bronchopulmonary dysplasia were distributed similarly in the ibuprofen and acetaminophen groups (P>0.05). The levels of platelet, serum creatinine and alanine transaminase showed no significant changes between the ibuprofen and acetaminophen groups (P>0.05). Following treatment with ibuprofen or acetaminophen, the extent of decrease of plasma and urinary PGE 2 was significantly higher among sPDA infants with oliguria (135.0±38.0 ng/l) than that observed in sPDA infants without oliguria (52.5±37.0 ng/l) (P=0.01). The study also found a significant correlation between plasma and urinary PGE 2 levels (r=0.648, P=0.01) and the coefficient of variation of urinary PGE 2 (0.427) was less than that of plasma PGE 2 (0.539). The clinical efficacy of oral ibuprofen and acetaminophen in the treatment of preterm infants with sPDA was similar with low adverse events, whereas acetaminophen-induced PGE 2 levels were less than the levels observed in the ibuprofen-treated group. The incidence of oliguria was also lower in the acetaminophen group compared to the ibuprofen group. In addition, monitoring urinary PGE 2 levels was more suitable because of its non-invasiveness in the clinical setting than monitoring of plasma PGE 2 in preterm infants with sPDA.
Introduction
The arterial catheter is located between the descending part of aortic arch and the pulmonary artery bifurcation, approaching the arteriae pulmonalis sinistra and it is an important channel for fetal circulation. Normally, the function of arterial catheter would close between 10-15 h after birth. The arterial catheter that continues to open after 10-15 h is defined as patent ductus arteriosus (PDA). The arterial ducts of premature infants due to the maldevelopment of arterial duct wall and the abnormal secretion of prostaglandin, always fail to close in time, thus resulting in left-to-right shunt. Due to their poor left ventricular systolic functions, premature infants are vulnerable to heart failure and pulmonary edema, and even symptomatic PDA (sPDA), which is also known as hemodynamically significant PDA (hsPDA) (1, 2) . Oral administration of indomethacin or ibuprofen to premature infants could significantly lower the level of prostaglandin E 2 (PGE 2 ), and promote constriction and closure of the arterial duct (3-5).
Hammerman et al (6) reported that, acetaminophen caused Oral paracetamol vs. oral ibuprofen in the treatment of symptomatic patent ductus arteriosus in premature infants: A randomized controlled trial arterial duct closure in 5 premature hsPDA infants that were not successfully treated with ibuprofen. In this context, to understand the effect of acetaminophen treatment on premature sPDA infants, we designed prospective randomized controlled trials (RCTs), aiming to utilize and develop plasma and urinary PGE 2 levels as indicators of progress of arterial duct closure in a non-invasive manner.
Patients and methods
Patients. The patients of this RCT were premature infants who were admitted to the Neonatal Ward of Pediatrics Division of the Affiliated Xuzhou Hospital of Medical College of Southeast University between October, 2012 and June, 2015.
Sample size estimation. The sample size for this RCT was calculated based on the results of a previous study (5) and literature (4) . Efficacy (1-false negative rate β) was set at 80% and the false-negative rate at α=0.05. According to our estimation, the sample size for each group was 39 patients.
Inclusion and exclusion criteria. The patients satisfying the following criteria were included in the presen study: i) gestational age, <37 weeks; ii) admitted to hospital within 24 h after birth; iii) sPDA diagnosis was made between 15 h to 10 days after birth and confirmed through echocardiogram to be sPDA if the patient showed at least three of the six clinical manifestations. These were: i) systolic or consecutive murmur in left border of sternum; ii) strengthened beat of anterior thorax; iii) locomotive pulse; iv) tachycardia in quiet state; v) unexplainable deterioration of respiratory condition; and vi) increased pulmonary vasculature shadows and enlarged heart or signs of pulmonary edema under chest X-ray examination. Diagnostic criteria of echocardiography was: i) left atrial: aortic root diameter ratio, (LA:Ao) >1.4; ii) pulmonary artery diastolic back flow (reflux); and iii) PDA catheter diameter >1.4 mm (1,7). The patients were excluded from the study if: i) patients presented with any of the following medication contraindications such as thrombocytopenia (blood platelet count <50x10 9 /l), hemorrhagic disease, oliguria (urine volume per 8 h <8 ml/kg), necrotizing colitis, intestinal perforation, high serum creatinine (>159.1 µmol/l), and alanine aminotransferase (>40 U/l) levels (1, 2) ; ii) patients with congenital heart diseases such as ventricular septal defect, complex heart disease; and iii) patients with incomplete treatment or willing to depart from the study due to personal reasons.
A total of 95 patients met the inclusion criteria, of whom 8 patients were excluded for various reasons (reduced platelet count in 2 patients, 1 patient had sepsis with disseminated intravascular coagulation, 1 patient had oliguria, 1 patient had necrotizing colitis, 1 patient had complex heart disease and lack of required data for this study in 2 patients). Subsequently, 87 patients were included in the study.
Collection of data and analyses of parameters prior to treatment. Once the premature infants were admitted to hospital, information was collected and recorded including: i) gender, with or without use of a full course of hormone of the pregnant mother 7 days to 24 h before delivery; ii) presence or absence of infection in the pregnant mother; iii) premature rupture of membrane >18 h or less; iv) gestational age; v) delivery mode; vi) birth weight; vii) 5-min Apgar scoring <8 or >8; viii) with or without respiratory distress syndrome; and ix) number of days of positive pressure ventilation.
Tests such as platelet count, serum creatinine glutamic-pyruvic transaminase, and fecal occult blood were also carried out in patients.
Treatment of patients and analysis of parameters. The patients were randomly divided into the ibuprofen group (n=43) and acetaminophen group (n=44) based on a computer-generated random number table. The patients in the ibuprofen group were treated by oral administration of 10 mg/kg ibuprofen suspension initially, followed by 5 mg/kg during first 24 and 48 h later. Patients in the acetaminophen group were treated with oral administration of 15 mg/kg acetaminophen orally once in every 6 h for a total of 3 days. On the completion of 3 days, ultrasonic cardiogram, platelet count, serum creatinine, glutamic pyruvic transaminase, and fecal occult blood were re-examined. The incidence of intraventricular hemorrhage (IVH), neonatal necrotizing enterocolitis (NEC) and bronchopulmonary dysplasia (BPD) were also recorded.
Detection of PGE 2 in blood and urine. The PGE 2 level was estimated using a commercially availed ELISA kit following the manufacturer's instructions (VICMED Bioengineering Co., Ltd., China).
The present study conformed to ethical requirements of the Affiliated Xuzhou Hospital of Medical College of Southeast University. The parents of the patients were aware of the treatment and signed informed consent.
Statistical analysis. The χ
2 test was applied to compare the collected information between the two groups. The t-test was applied to compare data having normal distribution, whereas, the Mann-Whitney U test method was utilized to compare data having skewed distribution between the groups. The paired-samples Student's t-test was used for intra-group comparison of the data having normal distribution before and after treatment. The Pearson correlation coefficient test was applied in the correlation analysis of the bivariate normal distribution data. Statistical analyses were carried out using IBM SPSS 20.0 software (Armonk, NY, USA). P<0.05 was considered of statistical significance.
Results

Clinical characteristics of sPDA infants of the ibuprofen and acetaminophen groups.
The various clinical characteristics including weight at birth, arterial catheter diameter, and gestational week between the two groups of sPDA infants were not significantly different (P>0.05; Table I ).
Effect of treatment in sPDA infants of the ibuprofen and acetaminophen groups. PDA closure rate, fecal occult blood positive rate, IVH, NEC, and BPD incidence rates were similar in the patients of the two groups (P>0.05). Oliguria was less frequent in the acetaminophen group than in the ibuprofen group, but this difference was insignificant (P=0.108; Table II) .
PGE 2 level in sPDA infants of the ibuprofen and acetaminophen groups.
The treatment of sPDA infants with ibuprofen or acetaminophen resulted in a significant decrease of plasma and urinary PGE 2 levels compared with their levels before treatment (P<0.05). Furthermore, plasma and urinary PGE 2 levels were significantly lower among ibuprofen group patients than the acetaminophen group (P<0.05; Table III The comparison on platelets, serum creatinine and glutamic-pyruvic transaminase between the two groups of patients before treatment (P>0.05) and after treatment (P>0.05) revealed no significant difference (Table III) . 2 in PDA closed and PDA unclosed, oliguria and non-oliguria patients after treatment. The descent range of plasma and urinary PGE 2 between PDA closed and PDA unclosed patients was not significantly different (P>0.05; Table IV ). However, the descent range of plasma and urinary PGE 2 in oliguria patients was higher than non-oliguria patients (P<0.05; Table IV ).
Descent range of PGE
Plasma and urinary PGE 2 levels are highly correlated. The plasma and urinary PGE 2 levels were highly correlated (Pearson correlation coefficient r= 0.648, P= 0.01) as shown in Fig. 1 
Incidence of adverse reactions among sPDA infants of acetaminophen and ibuprofen groups.
The various incidences of adverse reactions including PDA occlusion, oliguria, and fecal occult blood observed are shown in Table II . None of the adverse reactions showed a significant association with administration of either acetaminophen or ibuprofen (P>0.05). Additionally, no significant changes were observed on the transcutaneous oxygen saturation, pulse rate, blood pressure, peripheral blood glucose, transcutaneous bilirubin, temperature, feeding, and bleeding tendency during the treatment period. The incidence of NEC that occurred several days later could not be confirmed to be associated with the drugs.
Discussion
General. Inside the uterus, low arterial oxygen partial pressure, prostaglandin and nitric oxide are the major factors that maintain the opening of the arterial catheter, of which PGE 2 plays the key role (1,2). Cyclooxygenase (COX) is a key rate-limiting enzyme synthesized by prostaglandin, which has the active sites of COX and peroxidase. COX can catalyze arachidonic acid to transform into prostaglandin via its COX activity, and then catalyze the prostaglandin to transform into active PGE series via the activity of peroxidase. COX has two types of isozymes, COX-1 and COX-2. COX-3 has been quite widely used in recent years after first discovered by Chandrasekharan et al (8) in their study on the mechanism of action of acetaminophen. COX-3 was quite sensitive to the inhibiting effect of acetaminophen, thus being deemed as the effector target of acetaminophen. Ibuprofen, as the non-selective inhibitor of COX-1 and COX-2 could play the inhibiting role by blocking or modifying the COX active sites. However, the exact mechanism for the effect of acetaminophen on COX activity remains controversial. At present, two theories are quite prevalent: i) acetaminophen could selectively inhibit COX-3; and ii) acetaminophen has no affiliation to the active sites of COX, but it may restore the active oxydic COX into non-active COX and then obstruct its biological activity (9) .
Influence of ibuprofen and acetaminophen treatment on PGE 2 of premature infants with sPDA. In the current study, ibuprofen and acetaminophen treatment reduced the level of plasma and urinary PGE 2 . From this it could be inferred that Figure 1 . Correlation of plasma and urinary PGE 2 levels. PGE 2 , prostaglandin E 2 . Table III . PGE 2 , platelet, creatinine, and glutamic-pyruvic transaminase before and after treatment (mean ± standard deviation). the two drugs may reduce the PGE 2 levels and promote the closure of sPDA. The present study has also shown that, the descent range of plasma and urinary PGE 2 levels of the acetaminophen group was lower than those of the ibuprofen group. This may be because COX3 was selectively inhibited by acetaminophen activity of COX and peroxidase, although the activity was only 20% of COX-1 (9). Shetty et al (10) showed that, ibuprofen reduced the level of PGE 2 in gingival crevicular fluid, but acetaminophen had no significant effect on the level of PGE 2 . No reports are available at present on the influence of acetaminophen on PGE 2 level in premature infants with sPDA. The action mechanisms of ibuprofen and acetaminophen on COX activity are different, the descended ranges of plasma and urinary PGE 2 levels due to the drugs were different in this study, but their curative effects on promoting sPDA closure were similar and this curative effect was not related to the descent range of PGE 2 level. A possible explanation for this may be that although the plasma prostaglandin level is an important factor in inhibiting the contraction of arterial duct, the closure of arterial catheter is affected by multiple factors including the maturity of arterial catheter, family genetic background and other unknown factors promoting and inhibiting the arterial duct contraction (1).
Ibuprofen group (n=43) Acetaminophen group (n=44) ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Association of ibuprofen and acetaminophen with adverse reactions and the descent range of PGE 2 levels.
Antonucci et al (4) in an earlier study reported that, ibuprofen treatment reduced the urinary PGE 2 level and caused acute renal failure in 3 of 20 hsPDA patients. Antonucci et al (4) suggested that, ibuprofen inhibited COX thereby lowering the PGE 2 level and this resulted in reduced peripheral blood vessel flow, increased oliguria, acute renal failure and NEC. In our study, the incidence of oliguria in acetaminophen group was significantly lower than that of the ibuprofen group. This may be because of the descending ranges of plasma and urinary PGE 2 levels of acetaminophen group being lower than the ibuprofen group. Additionally, the descent ranges of plasma and urinary PGE 2 levels of the oliguria group were more than those of the non-oliguria group. Our results substantiated the study of Antonucci et al (4) . Although the descent range of plasma and urinary PGE 2 between oliguria and non-oliguria patients showed a significant difference in the absolute values, the incidence of oliguria being very low among patients of the ibuprofen and acetaminophen groups may be due to the low sample size (sample size of this study was estimated on the basis of major research indicator 'changes of plasma and urine PGE 2 levels before and after treatment').
Walker et al (11) showed that, indometacin induces NEC and PEG2 and its receptor plays a key role in regulating the intestinal blood flow. The more the reduction in the level of PEG2, the less was the intestinal blood flow. Dang et al (12) reported that, the incidence of gastrointestinal bleeding in patients administered with acetaminophen was significantly lower than the patients administered with ibuprofen. In our study, the incidence of positive fecal occult blood in the acetaminophen group was relatively lower than those observed in the ibuprofen group. We suggest that, acetaminophen selectively inhibited COX-3 and its inhibiting effect on COX-1 (associated with the synthesis of the protective prostaglandin in stomach and duodenum) was lower than that exerted by ibuprofen. Moreover, no COX-3 has been discovered in the small intestinal epithelial cells of human beings (13) .
Correlation of plasma and urinary PGE 2 levels. The findings of the present study showed that the plasma and urinary PGE 2 levels were highly correlated, and the variable coefficient of urinary PGE 2 level was lower than that of plasma PGE 2 . Thus, for monitoring PGE 2 levels in sPDA infants, urine samples are optimal in the clinical setting, because it can be collected in a non-invasive manner.
Efficacy and safety of ibuprofen and acetaminophen in clinical setting. In 2011, Hammerman et al (6) first reported that, oral administration of 15 mg/kg acetaminophen caused closure of the arterial catheter in 5 sPDA infants who were unresponsive to ibuprofen treatment without any significant adverse reactions. Since then, the majority of studies (14) (15) (16) (17) (18) (19) have used oral or intravenous administration of acetaminophen as a replacement therapy for the closure of arterial catheter in sPDA patients who were unresponsive by ibuprofen/indometacin treatments. Additionally, a low concentration of peroxide activated the activity of peroxidase, but a higher concentration of peroxide was needed to activate COX. Therefore, in the hypoxic environment, such as arterial duct endothelial cells, acetaminophen inhibits COX, rather than ibuprofen, in a better manner (9) . This may be one of the reasons for the use of acetaminophen as a replacement therapy for patients who failed in the ibuprofen treatment. In the present study, we showed that, the effect of acetaminophen in promoting the closure of sPDA in premature infants was similar to that of ibuprofen, which was consistent with recent studies (14, 20) . A RCTs study which included 80 premature infants with sPDA (gestational age, ≤30 weeks; birth weight, ≤1,250 g) showed that, the arterial catheter closure rate among ibuprofen-treated patients was similar to that of acetaminophen-treated patients (21) . Another non-inferiority RCTs study which included 160 premature infants with sPDA (gestational age, ≤34 weeks) showed that, the arterial catheter closure rate in acetaminophen-treated patients was not inferior to patients treated with ibuprofen (81.2 vs. 78.8%) (12) .
Previous findings have shown that the tolerance for acetaminophen is good, and only few patients had their liver enzymes elevated (14) . In this study, we showed that, oral administration of ibuprofen and acetaminophen exerted no significant influence on the platelet, serum creatinine, and glutamic-pyruvic transaminase and also there was no occurrence of NEC. This indicates that, oral administration of ibuprofen or acetaminophen at the dosage level described in this study is safe during a short-term administration of the drug.
Limitations of this study. The present study did not include a placebo control group and thus, we were not able to estimate the spontaneous arterial catheter closure rate and physiological changes of plasma and urinary PGE 2 levels.
In conclusion, the clinical efficacy of oral ibuprofen and acetaminophen in the treatment of preterm infants with sPDA are relatively similar with low adverse events. Since a high correlation exists between plasma and urinary PGE 2 , the urinary PGE 2 level can be used for predicting the occurrence of drug associated adverse reactions including oliguria, renal damage and gastrointestinal tract side effects in a non-invasive manner in preterm infants with sPDA.
